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AMESBRIDQE 

PHOTO A.2Ce): 
Steel samples removed from Core Sample L-6. 

I 
PHOTOA.2CO: 

Magnification of No. 6 Bar removed from Core Sample L-6 (galvanized coating 
thickness of 3.8 mils). 

-A.21 -

Construction Technology Laboratories. Inc. 
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AMESBRIDQE 

PHOTO A.2(g): 
Steel samples removed from Core Sample L-10. 

• 

I 
PHOTO A.2Ch): 

Magnification of No. 5 Bar removed from Core Sample L-10 (galvanized coating 
thickness of 4.7 mils). 

-A.22· 

Construction Technology Laboratorit>s . tnc. 
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AMESBRIDQE 
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PHOTO A.2{i): 
Steel samples removed from Core Sample L-14. 
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II 
PHOTO A.2(j): 

Magnification of No. 6 Bar removed from Core Sample L-14 (steel reinforcement is 
uncoated). 

-A.23-

Construction Technology Laboratories, Inc. 
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CTL 

PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856 

CTL PROJECT NO.: 154070 

CUENT: International Lead Zinc Research Organization 

STRUCTURE: Bridge Deck 

WCATION: Ames, Iowa 

SA'1PLE: 

Identification: L6. 

Dimensions: Diameter = 4.0 in.: Length = 4.0 to 5.0 in. 

DATE: January 22. 1992 

PROBLEM: Quality Evaluation 

EXAMINED BY: L. Powers-Couche 

Page 6 of 15 

Top Surface: Abraded surface with exposed coarse aggregate. Aggregate particles are polished and stand out in 
relief against softer paste. 

Bottom Surface: Broken surface fractured around aggregate. 

Cracks, Joints, Large Voids: Many areas of underconsolidation. The largest underconsolidatcd area is 1.5 
in. long and 2.0 in. wide. 

Reinforcement: No. 6 rebar is located 3.0 in from top surface. 

AGGREGATES CA> 

Coarse (C): Siliceous and calcareous gravel consisting of granite, limestone, chert. altered volcanic rock 
(hematitic and silicified). and schisL 

Fine (F): Siliceous and calcareous sand consisting of quartzite, quartz, limestone, chert. feldspar, schist, 
hornblende, granite, graywacke, and hematite-cemented sandstone. 

Gradation & Top Size: Evenly graded to a top size of 0.7 in. 

Shape & Distribution: CA is rounded to subangular, equidimensional to elongate, and somewhat 
nonuniformly distributed. FA is rounded to subangular, equidimensional, and uniformly distributed. 

PASTE 

Color: Medium gray. 

Hardness: Moderately hard. 

Luster: Subvitreous. 

Calcium Hydroxide•: 7 to 10% uniformly distributed small crystals. 

Unhydrated Portland Cement Clinker Particles (UPC's) 0 : 8 to 12% uniformly distributed UPC's aml 
relics. 

Depth of Carbonation: 0.1 in. from top surface. 

Air Content: 4 to 6% uniformly distributed. small. spherical air voids and irregularly shaped, larger (up to 0.5 
in.) paste-lined. entrapped air voids. 

Fly Ash*: None observed. 

Paste-Aggregate Bond: Moderately tight. The concrete breaks around the smooth. hard coarse aggregates. 

Secondary Deposits: Inwardly-pointing ettringite needles line or fill voids. 

•percent by volume of paste 
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Page 7 of :?5 

~icrocrackln:g: No significant microcracks are observed. 

ESTIMATED WATER-CEMENT RATIO: 0.50 to 0.55. 

MISCELLA~EQJJ.S.: Chert particles have dark rims, however, no other evidence of alkali-silica reaction is 
observed. The pa:ae is carbonated around limestone particles and around some larger air voids. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856 

CTL PROJECT NO.: 154070 

Cl/ENT: International Lead Zinc Research Organization 

STRUCTURE: Bridge Declc 

WCATION: Ames, Iowa 

SAMPLE: 

ldentUlcatlon: LlO. 

Dimensions: Diameter = 4.0 in.; Length = 6.5 in. 

DATE: January 22, 1992 

PROBLEM: Quality Evaluation 

EXAMINED BY: L. Powers-Couche 

Page !l ui 25 

Top Surface: Abraded surface with coarse aggregates exposed. Aggregates are polished and stand out in rc!id 
against softer paste. 

Bottom Surface: Irregular. broken surface fractured through aggregates. 

Cracks, Joints, Large Voids: The concrete is generally well consolidated with no visible joints and few 
voids larger than 0.2 in. Two major vertical cracks which mostly pass around aggregates pass lengthwise 
through the core. 

Reinforcement: No. 5 rebar is located 3.2 in. from the top surface. No 6 rebar is 5.0 in. for the top and is 
corroded. 

AGGREGATES <Al 

Coarse (C): Siliceous and calcareous gravel consisting of granite, limestone, chert.. altered volcanic rm:k 
(hematitic and silicified), and schist. 

Fine (F): Siliceous and calcareous sand consisting of quartzite, quartz, limestone. chert.. feldspar. schist. 
hornblende, granite, graywacke, and hematite-cemented sandstone. 

Gradation & Top Size: Evenly graded to a top size of 0.7 in. 

Shape & Distribution: CA is rounded to subangular, equidimensional to elongate, and somewhat 
nonuniformly distributed. FA is rounded to subangular. equidimensional, and uniformly distributed. 

P :\STE 

Color: Medium gray. 

Hardness: Moderately hard. 

Luster: Subvitreous. 

Calcium Hydroxide*: 6 to 8% uniformly distributed small crystals and patches. Calcium hydroxide lin.:s 
voids and partially coats aggregates. 

t.:nhydrated Portland Cement Clinker Particles (UPC's)•: 10 to 15% uniformly distributed UPC"s ;ind 
relics. 

Depth of Carbonation: 0.1 in. from top surface. 

Air Content: 3 to 5% uniformly distributed, small, spherical air voids. 

Fly Ash*: None observed. 

Paste-Aggregate Bond: Moderately tight. 

Secondary Deposits: Blades of calcium hydroxide and ettringite needles line or fill voids. 

•percen! by volume of paste 
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Page 9 of 25 

.\.flcrocrackln1~: Microcracks occur around reactive chert particles. Other cracks are randomly oriented and 
pass through a1;grcgatcs. Adjacent paste is carbonated. 

ESil:\BIED W ·\TER-CE\1E:SI RATIO: 0.45 to 0.50. 

\JISCEl.LA:SE<UlS.: Dark rims occur around chert and dolomitic chert. Adjacent paste is cloudy and isotropi<.:. 
Curved cracks following the outline of the aggregate are also observed. Gel is seen in one crack and in several 

voids. 
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856 

CTL PROJECT NO.: 154070 

CL/E!Vf: International Lead Zinc Research Organization 

STRUCTURE: Bridge Deck 

WCATION: Ames. Iowa 

SAMPLE: 

ldentlrlcatlon: Ll4. 

Dimensions: Diameter = 4.0 in.; Length = 5.6 m. 

DATE: January 22. 1992 

PROBLEM: Quality Evaluation 

EXAMINED BY: L. Powers-Couche 

Page 10 of 25 

Top Surface: Moderately abraded surface wilh coarse aggregates exposed and polished. 

Bottom Surface: Broken surface fractured through aggregates. 

Cracks, Joints, Large Voids: Generally well consolidated wilh no visible joints. Some 
underconsolidation occurs around rebar. Air voids are typically smaller than 0.15 in. One side oi the core 
intersected a vertical crack from lhe top of lhe core to a deplh of 3 in. The crack passes through s.::veral coars.:: 
aggregate particles. 

Reinforcement: Corroded No. 6 rebar is located 2.5 in. from top of core. and corroded No. 5 or 6 rebar 
located 3.3 in. from top. 

AGGREGATES CA> 

Coarse (C): Siliceous and calcareous gravel consisting of granite, limestone. chert, altered volcanic rock 
(hematitic and silicified). and schist. 

Fine (F): Siliceous and calcareous sand consisting of quartzite, quartz, limestone. chert, feldspar, schist. 
hornblende, granite. graywacke. and hematite-cemented sandstone. 

Gradation & Top Size: Evenly graded to a top size of 0.7 in. 

Shape & Distribution: CA is rounded to subangular, equidimensional to elongate. and somewhal 
nonuniforrnly distributed. FA is rounded to subangular. equidimensional. and uniformly distributed. 

P!\STE 

Color: Medium gray. 

Hardness: Moderately hard. 

Luster: Subvitteous. 

Calcium Hydroxide•: 7 to 10% uniformly distributed small crystals. 

l.:nhydrated Portland Cement Clinker Particles (UPC's) 0
: 8 to 12% uniformly distributed UPC's and 

relics. 

Depth or Carbonation: 0.1 in. from top surface. 

Air Content: 4 to 6% uniformly distributed. small. spherical air voids and irregularly shaped. larger (up to 0.5 
in.) paste-lined. entrapped air voids. 

Fly Ash•: None observed. 

Paste-Aggregate Bond: Moderately tight. The concrete breaks l\J'ound the smooth. hard coarse aggregates. 

•percem by volume of paste 
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CTL 

Page 11 of 25 

Secondary Dep,oslts: Blades of calcium hydroxide and ettringite needles line or fill void.s. 

'.\-llcrocracklng: Microcracks occur around reactive chert particles. Olher cracks are randomly oriented and 

pass through agg,regates. Adjacent paste is carbonated. 

ESTIMATED W1HEB-CE\1ENT RATIO: 0.50 to 0.55. 

j\11SCELLANEQI~: Dark rims occur around chert and dolomitic chert. Adjacent paste is cloudy and isotropic. 
Curved cracks follc1wing lhe oucline of lhe aggregate are also observed. Gel is seen in one crack and in s.:vcral 

vo.ids. 
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Table 8.2(a): CONCRETE POWDER SAMPLE SUMMARY (1975 CTL Report) 

CTL Powder Electro-Potentlal 
Designation Readings 

(·MV) 

SF2 

o· TO 114" NA 
314" TO 1" NA 

1-112" TO 1-3/4" NA 

SF3 

O" TO 1/4" NA 
314" TO 1· NA 

1-112" TO 1-3/4" NA 

SF5 

o· TO 114" NA 
314• TO 1· NA 

1-112" TO 1-3/4" NA 

NG1 

o· TO 1/4" NA 
314· TO 1· NA 

1-112" TO 1-3/4" NA 

NG3 

o· TO 1/4" 

314" TO 1· 

1-112" TO 1.314· 

NG5 

o· TO 114· 

314• TO 1· 

1-112" TO 1.314· 

NN2 

o· TO 114· 

314" TO 1· 

1-112" TO 1 ·314" 
···································· :-:·:·:·:·:·:·:·:-:-::·:=::;::::::·:·:-:::::::::::-:-:-:-:::::.:-:-:-:::::: 

NN4 

0" TO 1/4" 

314· TO 1· 

1-112· TO 1·314" 

NHS 

o· TO 114· 

314· TO 1· 

N.A. 
N.A. 
N.A. 

NA 
NA 
N.A. 

NA 
N.A. 
NA 

N.A. 
N.A. 
N.A. 

N.A. 
N.A. 

AMES BRIDGE, IOWA 

Water-Soluble 
Chloride Content 

(lbs/cu yd concrete) 

13.80 

3.60 

0.70 

14.50 

1.40 

0.70 

4.30 

1.60 

0.70 

4.20 

1.40 

0.50 

9.00 

1.30 

0.50 

3.50 

1 .40 

0.70 

10.70 

7.90 

0.40 

4.20 

0.80 

0.40 

2.30 

0.60 

Water-Soluble Water-Soluble 
Chlorlde Content Chloride Content• 
(by weight of concrete) (by weight of cement) 

0.352 

0.092 

0.018 

0.370 

0.036 

0.018 

0.110 

0.041 

0.018 

0.107 

0.036 

0.013 

0.230 

0.033 

0.013 

0.089 

0.036 

0.018 

0.273 

0.202 

0.010 

0. 107 

0.020 

0.010 

0.059 

0.015 

2.518 

0.657 

0.128 

2.646 

0.255 

0.128 

0.785 

0.292 

0.128 

0.766 

0.255 

0.091 

1.642 

0.237 

0.091 

0.639 

0.255 

0.128 
········.·.··.··.··.·.·.··.·.·.·.··.···· ·.·.·.·.·-.-:-:.:-.. ·•· ... ·.·.·.·.·.·.··· 

1.952 

1.441 

0.073 

0.766 

0.146 

0.073 

0.420 

0.109 

• Based on an estimaled cement conient c• · ~', 

(by weight of cement) 

Construction Technology Laboraror1f's. Inc. 
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J TABLE 8 - RESULTS OF CHLORIDE .ANALYSES 

J Depth at Lbs. c1-1cu. yd. of Concrete 
Which Sample at Location Indicated 

Was Taken SF2 SF3 SF5 NGl NG3 NG5 NN2 NN4 NN5 

0 - 1/4" 13. 8 14.5 4.3 4.2 9.0 3.5 10.7 4.2 2.3 
3/4" - l '" 3.6 1.4 1.6 1.4 1.3 1.4 7.9 0.8 0.6 J 

1-1/2 II - 1-·3/4 .. 0.7 0.7 0.7 0.5 0.5 0.7 0.4 0.4 0.4 
2-1/4" - 2-·l/2" 0.6* 0.7* 0.4* 0.6 0.5* 0.3* 0.7* 0.4* 0.2* 

3" - 3-·l/4" 0.6 0.5 0.5 -* - - 0.4 0.3 0.2 J 
*Denotes level of top steel at location indicated. 

J 
J 
J I 

TABLE 9 - RESULTS OF pH MEASUREMENTS 

Depth at 
Which Sample cH at Locttion Indicated 

Was Taken SF2 SF3 SF5 NGl NG3 NG5 NN2 NN4 NNS 
J 

0 - 1/4" 12.3 12.l 12.4 12.2 12.2 12.4 12.2 12.3 12.3 
3/4" - l" 12 .4 11.8 12.0 12.1 12.l 12.1 12.0 12.l 12.2 

1-1/2" - 1-3/4" 11. 9 11.8 11.8 12.0 12.0 12.l 9.2 12 .1 12.0 J 
2-1/4" - 2/1/2" 11. 2* 11. 7* 11.8* 12.0 12.0* 12.l* 11. 8* 12.0* 12.0* 

J 
3" - 3-1/4" 11.3 11.8 11. 9 -* - - 11. 7 11. 7 11. 5 

*Denotes level ·of top steel at location indicated. 

J 
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Pig. 22 - Diagram of distribution of electrical potential~ 
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~ 

,-....o 



Tr & Lg steel untreated 

Tr & Lg steel untreated 

(f)- Denotes crack directly over top 
reinforcin~; bar. 

\ ' \ 

\ 

Tr steel galvanized Lg steel untreated 

\ ' 

-NB 

+ 
Tr & Lg steel galvanized 

\ \ 
\ ) 

\ 

ss-
Crack 

Fig. 23 - Diagram showing locations of cracks visible at wearing surface. 
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Table 8.2{bf. CONCRETE POWDER SAMPLE SUMMARY {1982 CTL Report) 

AMES BRIDGE, IOWA 

CTL Powder Elect.ro-Potentlal Water-Soluble Water-Soluble Water-Soluble 

Designation 11:eadlngs Chloride Content Chloride Content Chloride Content• 
HIV) (lbs/cu yd concrete) (by weight of concrete) (by weight of cement) 

LD-1 M 90 1.44 0.037 0.263 

LD-2 M 370 0.56 0.014 0.102 

LD-3 N 100 0.64 0.016 0.117 

LD-4 s 350 0.88 0.022 0.161 

LD-5 s 120 0.92 0.023 0.168 

LD-6 s 120 0.44 0.011 0.080 

LD-7 s 240 0.20 0.005 0.036 

LD-8 s 40 0.96 0.025 0.175 

LD-9 M 1 0 0.92 0.023 0.168 

LD-10 s 110 0.64 0.016 0.117 

LD-11 s 150 0.56 0.014 0.102 

LD-12 s 70 0.76 0.019 0.139 

LD-13 M 80 0.4Q 0.010 0.073 

LD-14 N 100 0.40 0.010 0.073 

LD-15 N 100 0.92 0.023 0.168 

• Based on an estimated cement content ol 14% 

(by weight ol cement) 

Construction Technology Laboratones. Inc. 
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Table 1 - Results of Chloride and Metallographic Measurements 

Average 
Coating 

Thickness -
Sample Sample Steel Potential- Cl content Remaining 

No. I Depth, in. Mat Volts lbs/cu yd Mils * 

LD-1 2-1/4 - 2-3/4 Untreated -0.09 1.44 -
LD-2 2 - 2-1/2 Untreated -0.37 0.56 -
LD-3 2 - 2-1/2 Untreated -0 .10 0.64 -
LD-4 2-1/4 - 2-3/4 Galv. & Untr. -0.35 0.88 7.7 
LD-5 2-3/4 - 3-1/4 Galv. ' Un tr. -0.12 0.92 5.8 

LD-6 2-1/2 - 3 Galv. & Un tr. -0.12 0.44 5.7 
LD-7 2 - 2-1/2 Galvanized -0.24 0.20 -
LD-8 2 - 2-1/2 Galvanized -0.04 0.96 -
LD-9 2-3/4 - 3-1/4 Galvanized -0.01 0.92 -
L0-10 2 - 2-1/2 Galvanized -0.11 0.64 -
LD-11 2-1/4 - 2-3/4 Galvanized -0 .15 0.56 5.4 
LD-12 2-3/4 - 3-1/4 Galvanized +0.07 0.76 -
LD-13 2 - 2-1/2 Galvanized -0.00 0.40 6.1 
LD-14 2-1/2 - 3 Untreated -0.10 0.40 -
LD-15 2-1/4 - 2-3/4 Untreated -o .10 0.92 -. 

*Based on average of 10 readings 
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